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A B S T R A C T 
Rosin is a natural resin from the coniferous tree sap, which separated from its oil content 
(terpenes). Rosin is brittle. Therefore modifications are needed to improve its mechanical 
properties. The main content of rosin is abietic acid which has a carboxylic group, so it can 
form an ester group when reacted with polyhydric alcohol (polyalcohol) such as glycerol. The 
research aimed to study the kinetics of the esterification reaction between the hydroxyl group 
in glycerol and the carboxylic group in abietic acid from rosin at various reaction temperatures 
and reactant compositions. This reaction is carried out in a three-neck flask at atmospheric 
pressure without a catalyst. The reaction temperatures used were 180˚C, 200˚C, and 220˚C, and 
the ratio of rosin and glycerol was 1:1, 1:3, and 1:5. The reaction kinetics calculations were 
analyzed with acid number data over the reaction time using three different models. The 
calculations showed that this reaction involves positioning a hydroxyl group on glycerol, which 
the primary and secondary hydroxyl groups contribute to forming a rosin ester 
(glycerolabietate). The rate of reaction constants of primary hydroxyl of glycerol and abietic 
acid were in the range 6.25x10-4 - 3.90x10-3 g/(mgeq.min), while reaction rate constants of 
secondary hydroxyl and abietic acid were in the range 1.06x10-5 - 1.15x10-4 g/(mgeq.min). FTIR 
analysis showed a change in the hydroxyl, carboxylate, and ester groups which were assigned 
by a shift of wavenumber and a difference of intensity at 3200-3570 cm-1, 1697.36 cm-1, and 
1273.02 cm-1. 
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A B S T R A K 
Gondorukem merupakan produk yag berasal dari getah batang tanaman pinus yang sudah 
dipisahkan kandungan minyaknya (terpena). Gondorukem memiliki sifat yang getas, oleh karena 
itu diperlukan modifikasi untuk meningkatkan sifat mekaniknya. Dengan kandungan utamanya 
asam abietat yang memiliki gugus karboksilat, gondorukem berpotensi membentuk gugus ester 
apabila direaksikan dengan senyawa alkohol polihidrik (polialkohol) seperti gliserol. Penelitian 
















bertujuan untuk mempelajari kinetika reaksi esterifikasi antara gugus hidroksil pada gliserol dan 
gugus karboksilat pada asam abietat dari gondorukem pada variasi suhu reaksi dan komposisi 
reaktan. Reaksi ini dilakukan dalam labu leher tiga tanpa katalis pada tekanan atmosferis. Suhu 
reaksi yang digunakan ialah 180˚C, 200˚C, dan 220˚C dan perbandingan gondorukem dan 
gliserol 1:1, 1:3, dan 1:5. Analisis perhitungan kinetika reaksi didekati dengan data bilangan 
asam tiap waktu menggunakan tiga model berbeda. Hasil dari simulasi perhitungan 
menunjukkan bahwa reaksi ini melibatkan posisi gugus hidroksil pada gliserol, yang mana gugus 
hidroksil primer dan sekunder memiliki kontribusi untuk mem-bentuk rosin ester 
(glycerolabietate). Konstanta laju reaksi antara hidroksil primer pada gliserol dengan asam 
abietat dalam rentang 6.25 x 10-4- 3.90 x 10-3 g/(mgeq.min), sedangkan konstanta laju reaksi 
antara hidroksil sekunder pada gliserol dengan asam abietat dalam rentang 1.06 x 10-5- 1.15 x 
10-4 g/(mgeq.min). Analisis FTIR menunjukkan bahwa adanya perubahan gugus hidroksil, 
karboksilat, dan ester yang ditandai terjadinya pergeseran dan perbedaan intensitas pada angka 
gelombang 3200-3570 cm-1, 1697,36 cm-1, dan 1273,02 cm-1. 
 
Kata kunci: bilangan asam; gliserol; gondorukem; gugus hidroksil; rosin-ester 
 
1. Introduction  
The environmentally friendly products are 
attractive for the world market. In addition to 
providing convenience to consumers, the 
export costs charged for products labelled as 
environmentally friendly are lower. One of the 
natural ingredients that can be used as a 
polymer for coating material applications is 
rosin (Xu et al., 2019; Domene-López et al., 
2018; Kumooka, 2008). Rosin (resina 
colophonium) is a resin produced from the 
sap of coniferous plants such as pine (Kugler 
et al., 2019). Rosin is a non-volatile resin with 
an abietic acid content of 70%, and the rest is 
pimaric acid and its isomers (Ladero et al., 
2011; Gandini and Lacerda, 2015). Rosin has 
several weaknesses, which is brittle (Kugler et 
al., 2019). Therefore, modification of rosin is 
needed. In order to improve the mechanical 
properties of rosin, modifications are required 
with various substances. Most coatings are 
commercially produced from petroleum-
based, so the sources were scarce. Abietic acid 
has a carboxylic group that has the potential 
to form ester substances that enable 
polymerization, cross-linking, and polymer 
matrix (Kugler et al., 2019).  Some of the 
applications of rosin as coatings (Su et al., 
2021), adhesives (Kumooka, 2008), and 
packagings (Hsieh and Chen, 2020). 
Characterization of rosin before and after 
synthesis became essential. One way was to 
observe the functional groups of untreated 
and treated rosin. The presence of an ester 
group in the product will produce a coating 
that has better mechanical properties. In 
addition, a kinetic study was carried out 
because the mathematical modelling related 
to the rate of reaction modification of rosin 
was still limited. At the same time, rosin-based 
synthesis continues to be developed to reach 
an industrial scale (Ladero et al., 2011). 
Research (Ladero et al., 2012) conducted a 
study on the reaction rate between abietic 
acid, glycerol, and pentaerythritol. The 
reaction rate model produced from this 
process is a first-order reaction model with 
excess rosin reactants. The reaction of rosin 
and glycerol can be improved by adding 















catalysts such as rare earth Lewis acidic ionic 
liquid (Sun et al., 2021) and enzymes such as 
lipase (Lin et al., 2014). Rosin can also be 
modified with maleic anhydride to produce a 
coating material on urea fertilizer to control 
the release of the soil (Mumtaz et al., 2019). 
The reaction of this is research was the 
esterification of abietic acid and glycerol. Pure 
rosin is brittle because its structure consists of 
a cyclic ring. Therefore, an improvement is 
needed. One modification is to react the 
carboxylic group on abietic acid and the 
hydroxyl group on glycerol to become an 
ester compound. 
The study aimed to study the kinetics of 
the esterification reaction between the 
hydroxyl group in glycerol and the carboxylic 
group in abietic acid from rosin at various 
reaction temperatures and reactant 
compositions. Products with various 
characters are obtained from these variations 
and then analyzed which to meet the coating 
criteria according to the standard. Application 
rosin-ester of this research was addressed as 
the organic coating material. Criteria and 
standard material properties such as tensile 
strength and elongation of the organic 
coating were followed on the ASTM D2370 – 
98 and ASTM D-638. By applying some 
knowledge, it is expected that this research 
will produce coatings from rosin that are 
environmentally friendly and have excellent 
properties that can compete in the 
international market. 
 
2. Research Methodology 
2.1 Materials 
Materials used in this research are rosin 
(PT. Perhutani Anugerah Kimia, Trenggalek, 
Indonesia) and glycerol (85% purity Merck, 
Germany) was employed as a reactant, 
sodium hydroxide (99% purity Merck, 
Germany), and ethanol absolute (99% purity 
Merck, Germany) was employed as titrant for 
acid-base titration, and methanol was 




Rosin was messed, then put in a three-neck 
flask together with glycerol with a specific 
ratio. The reaction was conducted at 180˚C for 
3 hours assembled with a 200 rpm mechanical 
stirrer. At a certain time, samples were taken 
to be analyzed for COOH concentration (acid 
number). After the reaction time was 
achieved, the reaction product was washed 
using distilled water to remove the remaining 
polyol. Next, the product was put in an oven 
at 60˚C to remove water content. The 
experiment was repeated at various reaction 
temperatures, 180˚C, 200˚C, and 220˚C, and 
various rosin:glycerol ratios at 1:1; 1:3; and 1:5. 
The procedure and calculation of 
determining the acid number of rosin 
followed the research of Bult et al., 2008.  Acid 
number analysis is carried out by dissolving 
0.5 g of sample in 20 mL methanol. These 
samples were titrated with alcoholic-NaOH 
0.1 N. The alcoholic-NaOH titration volume 
was obtained and analyzed by Equation (1) as 





The functional group of rosin and 
glycerolabietate was analyzed by Shimadzu IR 
Prestige-21 FTIR (Fourier Transform Infrared) 
Spectrophotometer. Samples and KBr were 
prepared in a ratio of 1:200 and homogenized 
with a vibrating mill. The mixture was formed 
in pellets by pressing and vacuuming. The 
pellets were scanned with an FTIR 
















spectrophotometer, which obtained %T 
(percent transmittance) data at a resolution of 
16 in ten scans. The %T obtained was the 
average data of ten scans. The analysis 
provided %T and wavenumber (cm-1) data. 
These data were interpreted by following the 
wavenumber to address the functional group 
listed in Coates, 2000. 
 
2.3 Modelling 
The reaction between abietic acid (rosin) 
and glycerol was esterification because this 
reaction involved the carboxylic group (-
COOH) of abietic acid and hydroxyl group (-
OH) glycerol. This reaction can be classified as 
a condensation polymerization reaction 
because both groups are reacted to form an 
ester group (glycerolabietate). The proposed 
reaction models observed the effect of the 
hydroxyl position on glycerol, which were 
primary hydroxyl and secondary hydroxyl. 
These models were distinguished into three 
models. The schematic reaction was 
approached by the research of Sun et al., 2021 
and Ladero et al., 2012. Esterification reaction 
abietic acid and each hydroxyl group on 
glycerol were depicted in Figure 1. 
 
Model I 
This model assumes that the reaction 
esterification between the carboxylic and hydroxyl 
groups was reversible (Hartanto et al., 2020; 
Caballero et al., 2019). Each hydroxyl group 
position has the opportunity to react with the 
carboxylic group on abietic acid. The reaction 
equation can be expressed in Equations (2) and (3). 
𝑅 + 𝐺𝑝𝑘1  ⇄  𝑘−1 𝐶 (2) 
𝑅 + 𝐺𝑠𝑘2  ⇄  𝑘−2 𝐷 (3) 
Based on Model I, the concentration of 
each species depends on time, which can be 
followed by Equation (4) to (8). 
𝑑𝐶𝐺𝑝
𝑑𝑡
= −𝑘1𝐶𝑅𝐶𝐺𝑝 + 𝑘−1𝐶𝑐 (4) 
𝑑𝐶𝐺𝑠
𝑑𝑡
= −𝑘2𝐶𝑅𝐶𝐺𝑠 + 𝑘−2𝐶𝐷 (5)
 
 
Abietic acid  Glycerol  Glycerolabietat (primary) Water 
(a) 
 
Abietic acid  Glycerol  Glycerolabietat (secondary) Water 
(b) 
Figure 1. Schematic of the chemical reaction abietic acid with primary hydroxyl (a) and secondary hydroxyl (b) on 
glycerol. 

















= 𝑘1𝐶𝑅𝐶𝐺𝑝 − 𝑘−1𝐶𝑐 (6) 
𝑑𝐶𝐷
𝑑𝑡
= 𝑘2𝐶𝑅𝐶𝐺𝑠 − 𝑘−2𝐶𝐷 (7) 
𝑑𝐶𝑅
𝑑𝑡
= −𝑘1𝐶𝑅𝐶𝐺𝑝 + 𝑘−1𝐶𝑐 − 𝑘2𝐶𝑅𝐶𝐺𝑠 + 𝑘−2𝐶𝐷 (8) 
Model II 
Model II was a simplification of Model I, in 
which there was a reduction in the parameters of 
the rate reaction. This model was described that 
the reaction of abietic acid and each hydroxyl 
group on glycerol was irreversible. It assumed 
that the water as a byproduct of the reaction was 
quickly eliminated because the reaction 
temperature was far above its boiling temperature, 
then condensed water was immediately collected 
(Hartanto et al., 2020; Heriyanto et al., 2013). This 
model can be written on Equations (9) and (10). 
𝑅 + 𝐺𝑝 𝑘1 →  𝐶 (9) 
𝑅 + 𝐺𝑠 𝑘2 →  𝐷 (10) 
Based on Equations (9) and (10), the 
concentration of each species of reaction can be 
expressed following Equations (11) to (15). 
𝑑𝐶𝐺𝑝
𝑑𝑡
= −𝑘1𝐶𝑅𝐶𝐺𝑝 (11) 
𝑑𝐶𝐺𝑠
𝑑𝑡
= −𝑘2𝐶𝑅𝐶𝐺𝑠 (12) 
𝑑𝐶𝐶
𝑑𝑡
= 𝑘1𝐶𝑅𝐶𝐺𝑝 (13) 
𝑑𝐶𝐷
𝑑𝑡
= 𝑘2𝐶𝑅𝐶𝐺𝑠 (14) 
𝑑𝐶𝑅
𝑑𝑡
= −𝑘1𝐶𝑅𝐶𝐺𝑝 − 𝑘2𝐶𝑅𝐶𝐺𝑠 (15)  
Model III 
Model III Model III neglected the position 
hydroxyl group on glycerol, and the reaction 
was irreversible based on a previous study 
(Ladero et al., 2012). The reaction equation 
can be declared on Equation (16). 
𝑅 + 𝐺 𝑘1 →  𝐶 (16) 
The concentration of each species 
depends on time, can be formulated, which 
was expressed in Equation (17) to (19). 
𝑑𝐶𝐺
𝑑𝑡
= −𝑘1𝐶𝑅𝐶𝐺 (17) 
𝑑𝐶𝐶
𝑑𝑡
= 𝑘1𝐶𝑅𝐶𝐺 (18) 
𝑑𝐶𝑅
𝑑𝑡
= −𝑘1𝐶𝑅𝐶𝐺 (19) 
Calculation of reaction rate constants 
Reaction rate constants in the three 
models were analyzed by Matlab 2016b using 
the average relative error method by 
calculating the percentage of differences of 
observed acid number of data and the 
calculated acid number of each model against 
the calculated acid number of each model. In 
prior, the reaction rate constants were 
guessed, then the differential equations of 
each model were integrated using the ODE 
function. If the average relative error didn't 
give a minimum value, the guessed reaction 
rate constants would be changed to provide 
the lowest average relative error value until 
the calculation stops. The reaction rate 
constants were obtained if the lowest value of 
average relative error was attained. 
Furthermore, the most suitable model was 
selected by the lowest average relative error. 
Every reaction rate constant will be 
investigated using the Arrhenius equation 
(Equation (20), and the value of A (pre-
exponential factor) and Ea (activation energy) 
were analyzed by Equation (21). 
𝑘 = 𝐴 𝑒−
𝐸𝑎
𝑅.𝑇 (20) 





















3. Results and Discussion 
This esterification reaction was used to 
make the chain of abietic acid longer, then 
expected that it was more flexible. Glycerol 
was one substance that could react with the 
carboxylic group of rosin. The reaction in this 
study was esterification, in which there was an 
interaction between the hydroxyl group of 
glycerol and carboxylic acid of abietic acid. 
The product of this reaction was 
glycerolabietat. Based on the hydroxyl 
position of glycerol, the reaction's product 
consists of primary glycerolabietate and 
secondary glycerolabietate. The acid numbers 
original rosin was 3.2350 mgeq/g. The ratio 
between the number of primary and 
secondary hydroxyl groups in glycerol was 
based on the theoretical number of -OH 
groups in glycerol, which is 2:1. The results of 
the esterification were analyzed for acid 
numbers by being dissolved in methanol and 
titrated using NaOH-alcoholic. The acid 
number was plotted at a certain time and then 
observed by some proposed models. The 
product characterization was carried out by 
analyzing its functional groups to identify the 
hydroxyl group on glycerol and the 
carboxylate group on the rosin that was 
consumed to form an ester group.  
This study used a ratio of rosin: glycerol 
(R:G) of 1:1; 1:3; and 1:5 (w/w) at a constant 
temperature of 180˚C. Figure 2 showed that 
the longer the reaction time, the acid number 
was lower. It indicated that the carboxylate 
group on the rosin would be consumed 
because it reacted with the hydroxyl group on 
the glycerol. The three proposed models had 
a similar graph trend but had a different 
gradient. R:G = 1:1 had the lowest gradient 
compared to R:G = 1:3 and 1:5. The amount 
of glycerol (hydroxyl group) that was more 
caused the number of carboxylic groups to be 
consumed more so that the decrease in the 








Figure 2. Data fitting of the acid number on the 
varying ratio of rosin:glycerol (R:G) using 



















































































































The study used three approached model to 
investigate the reaction kinetics between 
glycerol and abietic acid. The Model I assumes 
that the reaction was elementary, in which 
one molecule of abietic acid reacts with one 
molecule of glycerol. This reaction was a 
polycondensation reaction because the 
interaction of the hydroxyl group and the 
carboxylic group (esterification) produces a 
byproduct in the form of water which causes 
a reversible reaction (Satriana and Supardan, 
2008).  Model II assumed that the reaction 
was elementary and irreversible. This reaction 
was assumed to be irreversible because the 
water formed in small numbers, immediately 
evaporated, and collected in a container 
assembled with a three-neck flask condenser 
(Hartanto et al., 2020). Model III assumed that 
the reaction between the carboxylate did not 
consider the position of the hydroxyl group. 
Model I had a relative error of R:G = 1:1; 
1:3; and 1:5 are 4.79%, respectively; 7.42%; 
12.02%, model II had a relative error at R:G = 
1:1; 1:3; and 1:5 at 4.81%; 7.28%; 11.78%, while 
model III had a relative error of R:G = 1:1; 1:3; 
and 1:5 at 4.86%; 6.79%; 13.31%. The three 
models each provided the kinetic constants 
listed in Table 1. The analysis results showed 
that model II has a better fit because it has the 
lowest relative error. 
This study also observed the esterification 
reaction at various temperatures to find 
constants in the Arrhenius equation—A (pre-
exponential factor) and Ea (activation energy). 
The reaction temperatures were carried out at 
180˚C, 200˚C, and 220˚C, at atmospheric 
pressure and a ratio of  R:G = 1:3. The profile 
of the acid number of abietic acid against the 
time at various temperatures can be seen in 
Figure 3. 
 
Table 1.  Evaluation results of kinetic constants in 
various rosin:glycerol ratios 
kinetic constants R:G = 1:1 R:G = 1:3 R:G = 1:5 
Model I  
k1, g/(mgeq.min) 6.00 x 10-4 1.40 x 10-3 3.80 x 10-3 
k-1, min-1 1.17 x 10-5 7.49 x 10-6 1.28 x 10-6 
k2,  g/(mgeq.min) 1.00 x 10-4 1.05 x 10-5 1.07 x 10-4 
k-2, min-1 1.10 x 10-5 1.01 x 10-5 1.12 x 10-5 
Model II 
k1, g/(mgeq.min) 6.25 x 10-4 1.30 x 10-3 3.90 x 10-3 
k2, g/(mgeq.min) 1.31 x 10-4 1.10 x 10-4 1.62 x 10-4 
Model III 
k1, g/(mgeq.min) 4.50 x 10-4 8.75 x 10-4 2.10 x 10-3 
 
Figure 3 showed the acid number of abietic 
acid would be decreased over time. The 
graphs showed that the higher the reaction 
temperature causes, the lower the acid 
number of abietic acid. It caused a higher 
reaction temperature resulting in the number 
of carboxylic groups being consumed more. 
Therefore, at  220˚C, the acid number of 
abietic was lower than 200˚C, similar to 200˚C 
comparing with 180˚C. The increasing 
reaction temperature caused the carboxylic 
groups in the abietic acid and the hydroxyl 
groups in glycerol to collide—the 
intermolecular interactions increased, and the 
reaction rate increased. 
Moreover, these phenomena were 
approached by three different models, which 
are mentioned in section 2.3. Model II 
provided the best approach because it had 
the lowest relative error. Respectively, the 
relative error values at temperatures of 180˚C, 
200˚C, and 220˚C in Model II were 7.28%, 
18.85%, and 11.03%. The other models at 
temperatures of 180˚C, 200˚C, and 220˚C gave 
larger relative error values (Model I—7.25%, 
19.08%, and 10.97% and Model III-6, 82%; 
20.08%; 11.15%). The simulation results using 
the SSE (Sum Square of Error) method 
















showed that the value of the reaction rate 
constants in each model at various 






Figure 3. Data fitting of the acid number on the 
varying temperature of reaction using Model 
I (a), model II (b), dan model III (c) 
Table 2.  Evaluation results of kinetic constants in 
various temperature reaction 
kinetic constants 180˚C 200˚C 220˚C 
Model I 
k1, g/(mgeq.min) 1.50 x 10-3 2.60 x 10-3 3.20 x 10-3 
k-1, min-1 7.34 x 10-6 3.57 x 10-6 1.33 x 10-6 
k2,  g/(mgeq.min) 1.09 x 10-4 1.31 x 10-4 1.06 x 10-4 
k-2, min-1 9.76 x 10-6 1.04 x 10-5 1.12 x 10-5 
Model II 
k1, g/(mgeq.min) 1.40 x 10-3 2.80 x 10-3 3.20 x 10-3 
k2, g/(mgeq.min) 1.15 x 10-4 1.06 x 10-5 1.14 x 10-4 
Model III 
k1, g/(mgeq.min) 9.25 x 10-4 1.50 x 10-3 2.00 x 10-3 
 
Table 2 showed that the forward reaction 
rate constant increased with temperature. It 
happened because the addition of 
temperature caused the reaction rate to be 
accelerated. Meanwhile, the constant rate 
value for the backward reaction decreased 
because the reaction was heading towards 
the product. The constant rate of reaction 
value for the backward reaction was very 
small (per thousandth of a time) compared to 
the constant forward rate of reaction value, so 
it can be neglected and assumed that this 
esterification reaction was irreversible. 
Therefore the Model II was the most suitable 
for this reaction. Model II showed that the 
value of k1 was greater than k2, which implied 
the position of the hydroxyl group on glycerol 
had an effect on this study. The primary 
hydroxyl group reacted more easily with 
abietic acid because its steric hindrance was 
smaller than the secondary hydroxyl group. 
Figure 4 illustrated the linearization of k1 
and k2 on Model II. These equation can be 
expressed as ln k1= -4658.8/T+3.792 and ln 
k2= 439.3/T-10,797.  Further analysis showed 
that the values of A1 and Ea1 were 44.36 
g/(mgeq.min) and 38.72 kJ/mol, while A2 and 
Ea2 were 2.05x10







































































































/mol. Ea2 was negative because this value was 
the overall Ea, which combined the activation 
energies of various reaction mechanisms. 
Another study (Zhou et al., 2019) showed that 
the value of Ea was lower than this study 
because they employed ZnO catalyst and 
Fe3O4/MIL-100(Fe) composite in the 
esterification reaction rosin and glycerol. The 
Ea values obtained from their study were ZnO 
catalyst and Fe3O4/MIL-100(Fe) composite by 







Figure 4. Arrhenius plot of k1 (a) and k2 (b) of 
model II. 
 
FTIR analysis was employed in this research 
to observe the change of functional group of 
rosin and glycerolabietate. This analysis was 
used by the percentage of transmittance data 
of each species. Based on Figure 4, a 
prominent characteristic peak at 1697.36    
cm-1 was investigated in rosin and 
glycerolabietate, which is indicated to –C=O 
bond as carboxylate group (Bayu et al., 2019; 
Lin et al., 2014).  The difference of each band 
was their intensity, in which rosin has 32.69, 
while glycerolabietate has 16.9. The 
carboxylate group in the rosin reacted with 
the hydroxyl group in glycerol to make the 
ester group, so the amount of carboxylate 
group in rosin was reduced. At 1273.02 cm-1 
line b indicated ester group by streching 
vibration of –C-O (García et al., 2021). 
 
Figure 5. FTIR spectra of rosin (a) and 
glycerolabietat (b). 
 
In addition, there was a significant peak 
change at 3200-3570 cm-1. This change can be 
seen at the peak at 3410.15 cm-1 in rosin and 
3425.58 cm-1 in glycerolabietate. It happened 
because glycerol reacted with abietic acid. 
The number of –O-H groups decreased, 
resulting in changes, shifts, and broadening of 
the absorption band of ester (glycerol-















































OH CH C=O CO
(a)
(b)

















This research used glycerol to modify rosin 
as raw monomer become glycerolabietate by 
the esterification reaction. The change to be 
an ester group was indicated by FTIR analysis 
of the differences peaks in rosin and 
glycerolabietate. The presence of a peak at 
1273.02 cm-1 indicates that the ester group 
was identified. In addition, changes in peaks 
at 3200-3570 cm-1 and 1697.36 cm-1 exhibited 
decreases, changes, and vibrations of 
hydroxyl and carboxylate groups. 
The simulation of the reaction kinetics 
calculation showed that the esterification 
reaction of abietic acid and glycerol is 
irreversible. This reaction can be 
approximated by a second-order kinetics 
model. The secondary hydroxyl group of 
glycerol contributed to the formation of 
glycerolabietate, although this reaction rate 
constant value was smaller than the primary 
hydroxyl group. It is denoted that the reaction 
rate constant between primary hydroxyl and 
abietic acid was greater than the reaction rate 
constant between secondary hydroxyl and 
abietic acid. The values of A1 and Ea1 were 
44.36 g/(mgeq.min) and 38.72 kJ/mol, while A2 
and Ea2 were 2.05x10









































the forward reaction rate constant of 
abietic acid (rosin) with the primary 
hydroxyl of glycerol, g/(mgeq/minute) 
the backward reaction rate constant 
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primary hydroxyl of glycerol, 
g/(mgeq/minute) 
the forward reaction rate constant of 
abietic acid (rosin) with the 
secondary hydroxyl of glycerol, 
g/(mgeq/minute) 
the backward reaction rate constant 
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